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Structure  of chromium(I I I )  fluoride. B y  KER:RO KNOX, Bell Telephone Laboratories, Incorporated, Murray 
Hill, New Jersey, U. S. A.  

(Received 30 November 1959 and  

I n  t he  ex tens ive  series of t r i f luor ides  s tud i ed  b y  J a c k  et al. 
( G u t m a n n  & J a c k ,  1951; J a c k  & G u t m a n n ,  1951; 
H e p w o r t h ,  J a c k ,  P e a c o c k  & W e s t l a n d ,  1957; H e p w o r t h  
& J a c k ,  1957; J a c k  & Mai t l and ,  1957) t h e  s t r u c t u r e  of 
c h r o m i u m  t r i f luor ide  was  shown to  be  the i r  V F  3 t ype .  
T h e  a u t h o r  was  u n a w a r e  of this  resul t  before  u n d e r t a k i n g  
a r e f i n e m e n t  of t he  a p p r o x i m a t e  resul t ,  w i t h  a s l ight ly  
d i f fe ren t  va lue  for  t h e  f luor ide  p a r a m e t e r ,  o b t a i n e d  f rom 
n e u t r o n  d i f f rac t ion  b y  Wol lan ,  Child, K o e h l e r  & Wilk in-  
son (1958). T h e  pu rpose  of this  no t e  is m a i n l y  to r e p o r t  
a g r e e m e n t  w i t h  the  X - r a y  resul t  of J a c k  & Mai t l and  
(1957). 

T h e  r e f i n e m e n t  was  based  on Nore lco  d i f f r a c t o m e t e r  
p o w d e r  in tens i t ies  w i t h  Cu K s  r a d i a t i o n  ( semi-quan t i t a -  
t ive  compar i son  of these  in tens i t ies  w i th  those  of D e b y e -  
Scher re r  p h o t o g r a p h s  showed  p re fe r red  o r i en t a t i on  to be  
inapprec iab le ) .  T h e  in tens i t ies  were  o b t a i n e d  f rom the  
areas  m e a s u r e d  w i t h  a p l an ime te r ,  of severa l  record ings  
a t  d i f fe ren t  ampl i f i ca t ion  of t he  d i f f r a c t o m e t e r  t races  
w i t h  su i tab le  e s t ima t ion  of b a c k - g r o u n d .  I n  add i t i on  t h e  
space  g roup  was  ver i f ied  b y  B u e r g e r  precess ion  c a m e r a  
p h o t o g r a p h y  of a single c rys ta l  g r o w n  b y  H.  Guggen-  
h e i m  of these  Labora to r i e s .  L o n g  exposures  showed  the  
r h o m b o h e d r a l  a n d  gl ide p lane  ex t inc t ions  to  be  indeed  
presen t ,  g iv ing  as m o s t  p robab le  space groups  C~,-R3c 
a n d  D~d-R3c; in the  absence  of f u r t h e r  i n f o r m a t i o n  t h e  
c e n t r o s y m m e t r i c  l a t t e r  is chosen,  as was  done  b y  J a c k  
& M a i t l a n d  (1957). T h e  la t t i ce  cons t an t s  w e r e  de te r -  
m i n e d  p h o t o g r a p h i c a l l y  us ing  Cr K s  r a d i a t i o n ;  a t  300 °C. 
t h e y  we re  o b t a i n e d  us ing  t h e  c a m e r a  of B o n d  (1958). 
H i g h e r  t e m p e r a t u r e  p h o t o g r a p h y  was  a t t e m p t e d ,  b u t  t he  
b a c k  re f lec t ion  lines b e c a m e  w e a k  a n d  b r o a d  so t h a t  t h e  
la t t i ce  c o n s t a n t s  could  n o t  be o b t a i n e d  w i th  a n y  ac- 
cu racy .  

I n  D~d-R-3c t h e r e  a re  

2 C r i n  (b), (0, 0, 0; ½, ~,1 ½ ) , a n d  

6 F  in (e), -+(x, ½---x, ¼ G ) .  

Using the scattering factors for Cr(III) obtained by extra- 
polation of the values of Thomas & Umeda (1957) and 
for F- from Berghuis et al. (1955) together with the real 
and imaginary parts of the dispersion corrections of 
Dauben & Templeton (1955), intensities were calculated 
in the usual way. By trial and error, the minimum in the 
function I klo- Icl, using the observed reflections only and 
excluding l l0 which is strong and subject to large errors 

Table  1. Structure of CrF a 

a (/~) s (°) xF Ref. 
5"2643+0"0003 56"563--+0"005 --0"136+0"003 1 

- -  - -  - 0 . 1 2  +0.02 2 
5.264 -+ 0.001 56.609-+0.006 -0 -137+0 .002  3 
5.332 (300 oc.) 56.61 (300 oc.) - -  4 

1 Jack  & Maitland (1957) 
2 Wollan et al. (1958) 
3 This work 
4 This work 

in revised .form 11 January 1960) 

was  f o u n d  to  occur  a t  xF= - 0 . 1 3 7 ,  Bcr=BF=0"37. T h e  
s t r u c t u r a l  resul ts  are  co l lec ted  in Tab le  1. 

T h e  obse rved  a n d  ca l cu la t ed  d-spacings  (obs. C r K s )  
a n d  re la t ive  in tens i t ies  (Cu Ks)  are  g iven  in Tab le  2. 

Tab le  2. Observed and calculated X-ray data for CrF  3 

Observed d-spacings Cr Ka. a =  5.264. s----56"609 ° 
Relative intensities Cu Ka .  Rhombohedral  indices 

hkl do dc Io Ic 
l l 0  3"599 3"618 412 487 
211 2"614 2"625 90 94 
10T 2"488 2"496 35 32 
222 - -  2"203 - -  0"7 
210 2"165 2"172 121 104 
200 2"050 2"054 24 22 
220 1"806 1"809 92 90 
321 1"649 1"651 116 131 
201 1.619 1-622 8 8 
211 1.584 1.586 62 59 
332 1.540 1.543 15 18 
310 1"463 1.464 42 40 
211 1.440 1.441 56 50 
320 1"388 1"390 6 4 
422 1"3114 1.3125 24 25 
432 / 1.2639 1"2656 / 1 0 )  26 
433 1.2638 26 16 
202 1.2474 1.2480 8 8 
421 - -  1-2355 - -  2 
411,330 1.2009 13 8 
311 1.2007 4 
213 1-1941 1-1941 4 5 
301 1.1797 1.1798 35 32 
431 1.1616 1.1617 15 17 
442 C r K s  1.1275 ] 15 4 ~ 12 
321 cut off 1.1271 f 8 l 

444 1.1013 8 8 
410 1.0919 4 3 
420 1-0858 20 20 
223 1.0666 10 10 
532 1-0275} 1 3 }  17 
400 1.0272 16 4 
430 1.0121 - -  3 
543 1.0075 - -  6 
303 0-9890 - -  0"5 
313 0.9808 5 5 
521 0 .9704} 6 }  
542 0.9679 9 1 7 
531 0 . 9 5 0 9 )  2 / 24 
411 0-9499 24 22 
312 0.9434 10 8 
421 0.9286 - -  0.4 
401,322 0.9225 } 1 } 8 
554 0.9222 11 7 
440 0.9044 - -  4 
541 0.8880 17 19 
520 0-8780 - -  0"0 
633,552 0.8750 22 27 
510,431 0.8672 / 35 } 
644 0"8650 40 3 39 
643 0.8631 1 
411 0-8573 - -  1 
530 0-8503} 25 2 5 }  27 
632 0.8487 2 
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Table 2 (cont.) 

hkl dc Io Ic 
622 0"8366 ) 26 I0 } 29 
332 0.8365 19 
303 0.8320} 12 i0 ) 14 
654 0.8308 4 
642 0-8257 17 II 
412 0-8175 } 1 } 
653 0-8174 17 17 22 
313 0.8155 4 
655 0.8113} 34 7} 36 
40~ 0.8108 29 
621,540 0"7937 } 1 } 
631 0"7933 26 10 24 
422 0"7931 13 

In  this structure, each Cr(III) with point  symmet ry  
C.~-3 is surrotmded by 6 F -  at 1.90 A with a Cr-F-Cr  
angle be tween octahedra of 146 °. The octahedra of F -  
around Cr(III) are perfectly regular within experimental  
error since the calculated F - C r - F  angles are 89.7 ° and 
90.3 ° . 

At  300 °C. it is seen tha t  the situation for CrF 3 is 
similar to tha t  found in the rare earth aluminates by 
Geller & Bala (1956); i.e., a elongates with rising tem- 
perature faster than  a increases, so tha t  the transit ion to 
cubic for CrF 8, if it ever occurs below the melt ing point, 
should take place at a very high temperature.  

I t  is of interest  to compare this structure with the 
neutron-diffraction results on magnetic  spin alignment.  
The results of Wollan et al. (1958) show tha t  the magnetic  
space group is No. 89-C2"/c' (the nota t ion used is tha t  of 
Belov, Neronova & Smirnova, 1957) in which the mag- 
netic moments  are allowed to move toward one another  
out  of perfect antiparallel a l ignment  wi thout  destroying 
the  symmetry .  Thus, 'weak'  ferromagnetism of the type 
discussed by Dzialoshinskii (1957a, b) is allowed, and it 
was observed in the magnet izat ion curve obtained by 
Bozorth & Kramer  (1958) in collaboration with the 
author.  I t  has also been seen by Henry,  Griffel & Hansen  
(1955) and by Hansen  (1959), who, however, a t t r ibute  
the spontaneous magnet izat ion to ferrimagnetism. 

The author  is grateful to S. Geller for m a n y  helpful 
discussions. Thanks are also due /%. G. Treuting for the  
use of and assistance with his IBM 704 programs, D. W. 
Mitchell, W. Masterson, and C. E. Miller for help with the  
experimental  work. 

R e f e r e n c e s  

BELOV, N. V., NERO:NOVA, N. N. ~5 SMIRNOVA, T. S. 
( 1957). Kristallografia, 2, 315. 

BERGEUIS, J., HAA~APPEL, IJ .  M., POTTERS, M., LooP- 
STRA, B. O., MAcGILLAV~Y, C. H. & VEE~E~-DA~m, A.L.  
(1955). Acta Cryst. 8, 478. 

BOND, W. L. (1958). Rev. Sci. Instrum. 29, 654. 
BOZORTH, 1%. M. & KRA~ZER, V. (1958). CoUoque Interna- 

tional de Magnetisme de Grenoble, paper No. 4. 
DAUBEN, C. H. & TEMPLETON, D. H. (1955). Acta Cryst. 

8, 841. 
DZIALOSHINSKII, I. E. (1957a). J. Exptl. Theoret. Phys. 

(U.S.S.R.)  32, 1547; t ranslated to English in Soviet 
Phys. J E T P  6, 1259. 

DZIALOSHI~SKH, I. E. (1957b). J. Exptl. Theoret. Phys. 
(U.S.S.R.)  33, 1454; t ranslated to English in Soviet 
Phys. J E T P  6, 1120. 

GELLER, S. & BALA, V. S. (1956). Acta Cryst. 9, 1019. 
GUTMANN, V. • JACK, K. H. (1951). Acta Cryst. 4, 244. 
HANSEN, W. N. (1959). J. Appl. Phys. 30, 304 S. 
HENRY, W. E., GRIFFEL, M. & HANSEN, W. N. (1955). 

Conference on Magnetism and Magnetic Materials 
(American Institute of Electrical Engineers, New York,  
1955), p. 60. 

HEPWORTH, ~¢I. A. & JACK, K. H. (1957). Acta Cryst. 10, 
345. 

HEPWORTtt, M. A., JACK, K. H., PEACOCK, R. D. & 
WESTLAND, G. J.  (1957). Acta Cryst. 10, 63. 

JACK, K. H. (% GUTMAN-N, V. (1951). Acta Cryst. 4, 246. 
JACK, K. H. & MA/TLAND, R. (1957). Proc. chem. Soc., 

Lond. 1957, 232. 
THOMAS, L. H. & UMEDA, K. (1957). J. Chem. Phys. 26, 

293. 
WOLLAN, E. O., CHILD, H. R., KOEHLER, W. C. & WIL- 

KINSON, M. K. (1958). Phys. Rev. 112, 1132. 

Acta Cryst. (1960). 13, 508 

Structure f ac to r  s l ide  ru le .  By H. FISCHMEISTER, Swedish Institute of Metal Research (Metallografis~ Insti- 
tutet), Stockholm 26, Sweden, and A. NIGGLI, Institut fiir KristaUographie und Petrographic der Eidgen6ssischen 
Technischen Hochschule, Ziirich, Switzerland 

(Received 22 January 1960) 

Structure factor contributions of the product  type, 

sin 2'n =fn" sin (hxn). sin (kyn)" (lzn) 
COS COS COS 

can be calculated convenient ly by means of the device 
i l lustrated in Fig. 1. I t  is a composite slide rule con- 
sisting of three cyclometrie scales, each covering one 
quarter  of a period, of a straight logarithmic one for 
reading the  product,  and of a movable  stage carrying a 
graph of log fn vs. sin ~ 0. The width  of this stage is l imited 
to the  relative range of variat ion of the atomic scattering 
factors likely to be employed, usually less than  one and 

a half decade. For  atoms of strongly differing scattering 
power, the f-graphs can be brought  to scale by shifting 
the overall zero point  of the  calculator. 

The sign of the composite product  is indicated by  
colour signals coupled with the  cyclometric scales: the  
number ing  of these scales is divided into four groups, 
pr inted on a white  or red base according to the  sign of 
the  function. The number  strips are mounted ,  as shown 
in Fig. 2, on a holder carrying a hinged flap. The whole 
array rests in a groove in the scale carrier; the  t ransi t ion 
from sine to cosine number ing is effected by simply in- 
vert ing it in this groove.- -As will be apparent  from 


